The interplay between hybridization and reproductive isolation is critical to the origin and 2 maintenance of species. Hybridization between species is known to affect reproductive barrier 3 strength. An extension of this relationship is the expectation that asymmetric hybridization and gene 4 flow will have asymmetric effects on reproductive barrier strength. We tested this hypothesis in a pair 5 of morning glory species which exhibit asymmetric gene flow in sympatry from highly selfing Ipomoea 6 lacunosa into mixed mating I. cordatotriloba. Because of the direction of hybridization, we predicted 7 that reproductive barrier strength would change to a greater extent in I. cordatotriloba than I. 8 lacunosa. We tested this prediction by measuring the strength of a barrier to seed set between these 9 species across their ranges. Consistent with our prediction, we found that sympatric I. cordatotriloba 10 was more compatible with range-wide I. lacunosa than allopatric I. cordatotriloba, whereas sympatric 11 and allopatric I. lacunosa were equally compatible with I. cordatotriloba. This difference likely reflects 12 an asymmetric decrease in reproductive barriers in sympatric I. cordatotriloba. We further 13 demonstrated that changes to sympatric I. cordatotriloba have decreased compatibility with allopatric 14 populations. Thus, introgression associated with asymmetric hybridization not only influences 15 between-species isolation but also contributes to isolation within a species in a manner analogous to 16 cascade reinforcement. 17 18 Introduction 19 Reproductive barriers are fundamental to the evolution and maintenance of biological diversity. They 20 maintain the integrity of species by preventing the homogenizing effect of gene flow. However, 21 incomplete reproductive isolation is common, and consequently hybridization between species in 22 sympatry is frequent (Mallet 2005, Whitney et al. 2010). When hybridization occurs, it can affect the 23 reproductive barriers that separate species, which, in turn, affects the potential for future 24 hybridization between those species. Species that initially hybridize in sympatry may collapse into a 25 single species, complete speciation by undergoing reinforcement, or coexist in stable hybrid zones 26 (Abbott et al. 2013, Todesco et al. 2016). Whether reproductive isolation increases, decreases, or 27 remains unchanged during hybridization thus determines species boundaries in contact zones. 28 29
identified extensive asymmetric gene flow between morning glory species. In 66 regions of sympatry ( Fig. 1 ), there has been substantial introgression into the mixed-mater I. 67 cordatotriloba while there has been essentially none into the highly selfing I. lacunosa. As observed in 68 other plant species, this asymmetry is likely a consequence of the divergent mating system because 69 interspecific pollen that lands on the stigmas of outcrossing plants is more likely to fertilize ovules 70 than interspecific pollen that arrives on the stigmas of selfing plants that have already self-fertilized 71 (Lloyd 1979 , Fishman and Wyatt 1999 , Goodwillie and Weber 2018 , Brys et al. 2016 . As a result of 72 this unidirectional hybridization and gene flow, we expect to see stronger effects of hybridization in 73 the outcrossing species. Indeed, Rifkin et al. (2019a) observed phenotypic convergence between 74 sympatric I. cordatotriloba and I. lacunosa caused by change in I. cordatotriloba but little change in I. 75 lacunosa. Among the traits that showed this pattern were anther-stigma separation (herkogamy) and 76 selfing rate. Because herkogamy is the main determinant of selfing rate in self-compatible Ipomoea 77 (Duncan and Rausher 2013) and other plant species (e.g., Karron et al. 1997 , Motten et al. 2000 , the 78 significantly reduced anther-stigma separation in sympatric I. cordatotriloba plants is consistent with 79 the substantially higher selfing rates of this species observed in sympatric regions. This increased 80 selfing in I. cordatotriloba presumably constitutes a stronger barrier to gene flow from I. lacunosa. 2A). Interspecific crosses are significantly less likely to successfully produce seeds than both crosses 114 within I. cordatotriloba (t = 9.87, df = 310, p << 0.001) and crosses within I. lacunosa (t = 13.56, df = 115 310, p << 0.001). However, we found no evidence that the success of interspecific crosses is affected 116 by which species is used as the maternal parent ( Fig. 2A ; t = 0.11, df = 310, p = 0.91). Second, we found that interspecific crosses with plants from sympatric sites set significantly more (but see Carney et al. 2000 , Collins and Rawlins 2013 , Virdee and Hewitt 1994 , Saetre et al. 1999 2003, Zuellig and Sweigart 2019).
141
To determine whether changes in one or both species explains the pattern of higher seed set in 142 sympatric plants, we compared the success rates of interspecific crosses using sympatric and 143 allopatric plants within each species. We found that interspecific crosses using sympatric I. 144 cordatotriloba tend to be more successful than interspecific crosses using allopatric I. cordatotriloba 145 ( Fig. 2B ; t = 3.19, df = 146, p = 0.0017), while crosses using sympatric I. lacunosa are no more likely to 146 be successful than those using allopatric I. lacunosa Although one potential outcome of hybridization is reinforcement and increased reproductive 154 isolation in sympatry, we did not observe this outcome for cross compatibility. It is possible the 155 asymmetry itself was an important contributor to the lack of reinforcement in this system. Servedio 156 and Kirkpatrick (1997) showed theoretically that reinforcement is less likely in cases with one-way time and pollinator isolation) and we observed both increases and decreases in barrier strength, we 164 cannot determine how total reproductive isolation between I. cordatotriloba from I. lacunosa has 165 changed.
167
The changes due to introgression into sympatric I. cordatotriloba have also affected compatibility 168 between sympatric and allopatric populations of this species. Specifically, crosses between sympatric 169 and allopatric individuals produce significantly fewer seeds than either crosses between sympatric 170 individuals ( Fig. 2C; t = 2 .89, df = 75.5, p = 0.005) or between allopatric individuals (Fig. 2C; t = 2 .54, df 171 = 75.7, p = 0.013). This pattern is consistent with that expected if incompatibility alleles introgressed The data and scripts used in these analyses will be made available on an online data repository 
